Background We previously identified 25 intraoperative findings during laparoscopic cholecystectomy (LC) as potential indicators of surgical difficulty per nominal group technique. This study aimed to build a consensus among expert LC surgeons on the impact of each item on surgical difficulty. Methods Surgeons from Japan, Korea, and Taiwan (n = 554) participated in a Delphi process and graded the 25 items on a seven-stage scale (range, 0-6). Consensus was defined as (1) the interquartile range (IQR) of overall responses ≤2 and (2) ≥66% of the responses concentrated within a median AE 1 after stratification by workplace and LC experience level. Results Response rates for the first and the second-round Delphi were 92.6% and 90.3%, respectively. Final consensus was reached for all the 25 items. 'Diffuse scarring in the Calot's triangle area' in the 'Factors related to inflammation of the gallbladder' category had the strongest impact on surgical difficulty (median, 5; IQR, 1). Surgeons agreed that the surgical difficulty increases as more fibrotic change and scarring develop. The median point for each item was set as the difficulty score. Conclusions A Delphi consensus was reached among expert LC surgeons on the impact of intraoperative findings on surgical difficulty.
Introduction
Laparoscopic cholecystectomy (LC) is widely accepted as the treatment of choice for acute cholecystitis [1] [2] [3] . However, patients with acute cholecystitis demonstrate a wide spectrum of clinical manifestations. LC for patients with severe inflammation is generally deemed difficult. Evidence for factors that might contribute to surgical difficulty during LC are ambiguous despite several existing studies (preoperative radiological findings [4] [5] [6] , the optimal timing for LC [3, 7] , indications of preoperative interventions such as percutaneous transhepatic gallbladder drainage [8, 9] , etc). Most of the previous publications have adopted either the duration of surgery [4] [5] [6] or open conversion rate [10] [11] [12] [13] [14] as surrogate markers for surgical difficulty. However, these factors are strongly affected by the skill of each surgeon and center's policy. A previous multinational survey by our group comprising expert LC surgeons in Japan, Korea, and Taiwan revealed that surgeons' perceptions and routinely taken safety measures during LC are workplace-dependent [15, 16] . Moreover, several studies suggesting intraoperative findings as useful indices to grade surgical difficulty [17] [18] [19] have failed to evolve to a multicenter trial and thus the evidence is not the highest level attainable. These studies frequently used subjective expressions such as 'Unable to. . .' and 'Difficult dissection of. . .' for evaluation, resulting in considerable bias among operators. To eradicate variability among institutions and surgeons and provide objectivity, we generated a list of 25 key intraoperative findings that potentially contribute to surgical difficulty during LC using the nominal group technique [15] . By weighting each of these items according to its impact, we propose to establish a gold standard to universally grade surgical difficulty during LC. In the present study, we conducted a Delphi process [20] to build a consensus on intraoperative findings among expert LC surgeons of Japan, Korea, and Taiwan as part of our multinational collaborative project.
Materials and methods
The outline of the multinational collaborative project is shown in Figure 1 . A total of 554 surgeons were invited to vote for the first and second-round Delphi process in a web-based questionnaire. This included 61 expert LC surgeons of Japan, Korea, and Taiwan who had participated in the preliminary survey [15] . The language used was English, and the questions were designed to grade 25 potential factors contributing to surgical difficulty. These 25 factors were considered to be objective findings and appropriate indicators of surgical difficulty per the nominal group technique [15] . Each of these 25 factors could be identified at the time of operation and classified according to a seven-stage scale ranging from 0 to 6. The first round was conducted in October 2015 (Korea and Taiwan) and in March 2016 (Japan), which constituted a part of a web-based survey (Question 11 of 11). For reference, Questions 1-10 covered LC experience and surgeon's perceptions and routinely performed safety measures during LC and the results have been published recently [16] . The second round took place in August 2016. The first three questions were the same with the previous round: 1. Workplace (by nation); 2. Experience in both LC and open cholecystectomy (total caseloads were categorized into four different levels: 1-199, 200-499, 500-999, and ≥1,000); and 3. Experience in LC (categorized into four levels as above). Question 4 onwards, the respondents were asked to grade each one of the 25 intraoperative findings using the seven-stage scale ranging from 0 to 6 as described previously. To build a consensus among experts on the surgical difficulty, an anonymous summary of the first-round Delphi was provided together with the questions. The results from the first round were expressed as percentage of respondents for each answering option (from 0 to 6) and the median (interquartile range) for each item. Each respondent had the option to either retain or change his/her initial opinion in the first round with reference to the response of the entire group. A complete version of the questionnaire is depicted in Figure S1 . An 'expert LC surgeon' was defined as a surgeon who had experienced ≥200 LC cases in a lifetime. Respondents not meeting this criterion were excluded from analyses both from the first and the second-round Delphi process. Two conditions had to be met to reach a Delphi consensus: (1) the interquartile range (IQR) of Second-round Delphi: 500 expert LC surgeons (Japan, n = 282; Korea, n = 95; Taiwan, n = 123) The percentage of respondents for each answering option (0-6) and the median (IQR) for each item from the first-round Delphi were provided along with the questions. The 25 items were graded as mentioned above, and each respondent had the option to either retain or change his/her initial opinion from the first round with reference to the response of the entire group. Definition of consensus: (i) IQR of overall responses ≤2 and (ii) ≥66% of the responses concentrated within a median 1 after stratification by workplace and LC experience level.
Preliminary survey [ref. 15] The aforementioned 30 items were evaluated on a seven-stage scale by 61 expert LC surgeons from Japan, Korea, and Taiwan. Other intraoperative findings were provided (free answer).
A list of 25 items were generated as appropriate indicators of surgical difficulty per NGT by 26 expert LC surgeons from Japan. Fig. 1 Outline of the Japan-Korea-Taiwan multinational collaborative project overall responses had to be ≤2; and (2) ≥two-thirds (66%) of the responses concentrated within a median AE 1 when the surgeons were stratified by workplace (Japan, Korea, and Taiwan) and LC experience level (200-499, 500-999, and ≥1,000 cases). All data were collected using Microsoft Office Excel 2010. This survey was conducted in accordance with ethical approval from the Institutional Review Board of Oita University (approval no. 1051).
Results

Demographics of the respondents (Questions 1-3)
We sent a link to the web-based questionnaire to 554 identical surgeons via email both in the first and the second-round Delphi process. Responses were received from 513 surgeons (response rate, 92.6%: Japan, n = 284; Korea, n = 98; Taiwan, n = 131) in the first round and from 500 surgeons (response rate, 90.3%: Japan, n = 282; Korea, n = 95; Taiwan, n = 123) in the second round, respectively. Participants who did not meet our 'expert LC surgeon' criterion (≥200 cases of LC) were excluded from the analyses and responses from the remaining 446 and 454 surgeons for the first and the second rounds, respectively, were analyzed ( Table 1 ). The distribution of LC experience levels was similar between Japan and Taiwan, whereas in Korea, a majority of respondents had experienced ≥1,000 LCs.
First-round Delphi
The IQR of overall responses (graded in a seven-stage scale) were within 2 for each of the 25 intraoperative findings and thus met the first condition for reaching a consensus (Table 2) . However, on subsequent stratification by workplace (Japan, Korea, and Taiwan), four items (3.
Diffuse scarring adhesions around the gallbladder, 16. Abscess formation towards the liver parenchyma, 22. Collateral vein formation due to liver cirrhosis, and 25. Gallbladder neck mounting on the common bile duct) did not fulfill the second consensus criterion (≥two-thirds (66%) of the responses concentrated within a median AE 1). Similarly, two items (1. Fibrotic adhesions around the gallbladder due to inflammation and 25. Gallbladder neck mounting on the common bile duct) did not reach a consensus when stratified by LC experience level (200-499, 500-999, and ≥1,000 cases) (Fig. 2) .
Second-round Delphi
The respondents were asked to grade 25 factors once again in a seven-stage scale while referring to the results of the first-round Delphi. On this occasion, for each of the 25 items, the IQR of overall responses were within 2 and ≥66% of the stratified responses centralized to a median AE 1, satisfying both the criteria for consensus (Fig. 2) . The IQR was 0 in two items and 1 in 19 items, demonstrating a high level of agreement among respondents. In the 'Factors related to inflammation of the gallbladder' category, the surgeons agreed that higher the degree of fibrotic change and/or scarring, greater is the surgical difficulty during LC, either around the gallbladder, in the Calot's triangle area, or in the gallbladder bed. In particular, 'diffuse scarring in the Calot's triangle area' had the strongest impact on surgical difficulty with a median of 5 and an IQR of 1. Among the items in the 'Additional findings of the gallbladder and its surroundings' category, 'cholecysto-enteric fistula' contributed to the highest surgical difficulty (median, 6; IQR, 0), followed by 'necrotic changes' (median, 4; IQR, 1) and 'abscess formation' (median, 4; IQR, 1). Finally, in the 'Intra-abdominal factors unrelated to inflammation of the gallbladder' category, 'inversion of the gallbladder in the gallbladder bed' (median, 4; IQR, 1) and 'collateral vein formation' (median, 4; IQR, 1) due to liver cirrhosis and 'anomalous bile duct' (median, 4; IQR, 1) were considered as intraoperative findings that considerably affect surgical difficulty. The median point for each item was set as the difficulty score during LC (Table 3) .
Discussion
A consensus on surgical difficulty was successfully reached among 454 expert LC surgeons from Japan, Korea, and Taiwan, based on 25 intraoperative findings using the Delphi technique. This is one of the largest international Delphi consensus studies conducted by expert surgeons to date [21] [22] [23] , with an excellent response rate of >90%. LC is the most widely diffused laparoscopic surgery across the globe and is performed as a daily procedure in community hospitals as well as tertiary centers. Therefore, LC is highly variable according to each institutional and surgeon's policy. To reach a consensus encompassing the diversity of LC, we invited surgeons from Japan and Taiwan, where operations are performed elsewhere from low-to high-volume hospitals, and from Korea, where operations are centralized to high-volume hospitals. In addition, we defined the Delphi consensus not only by the overall agreement rate, but also by the agreement rate stratified by workplace and LC experience level.
Sugrue et al. had previously described a grading system on surgical difficulty during LC by using intraoperative findings as surrogate markers. However, their system included items that are strongly dependent on surgeons' skill such as 'Unable to grasp' and 'Time to identify cystic artery and duct' [19] . LC is a common procedure conducted by surgeons at different levels of their training and therefore, the aforementioned system is inefficient for standardization. In contrast, the methodology in the present study aimed to systematically eliminate subjectivity and individual surgeon bias. We achieved this by using well-defined classification scheme for 25 specific intraoperative findings that have previously been demonstrated to potentially contribute to surgical difficulty by the nominal group technique [15] . Our study was intended to establish a gold standard that could be universally adopted to grade surgical difficulty and the approach we adopted was essentially novel. In the items under the category of 'Factors related to inflammation of the gallbladder', surgical difficulty increased as fibrotic change and/or scarring worsened either around the gallbladder, in the Calot's triangle area, or in the gallbladder bed. In particular, 'diffuse scarring in the Calot's triangle area' had the strongest impact on difficulty, reflecting clinical practice in the real world. There is no formal definition about when to consider subtotal cholecystectomy or open conversion, to date. Elshaer et al. suggested that the most common indicator of subtotal cholecystectomy is severe cholecystitis and that the attempt to expose the cystic duct or artery is potentially dangerous in patients who have fibrosis in the Calot's triangle area [24] . Similarly, Giger et al. recommended open conversion in patients with extensive inflammation [25] . These reports alert surgeons to be extremely cautious whenever they cannot recognize surgical anatomy; nevertheless, none of these studies articulate whether the critical view of safety proposed by Strasberg et al. can be obtained in such situations [26, 27] . On the other hand, Honda et al. recommended the exposure of the inner layer of the subserosal layer (SS-Inner layer) as a standardized technique to safely dissect the Calot's triangle area and achieve critical view of safety [28] [29] [30] . Moreover, they stated that this technique is useful to judge the level of inflammation (fibrotic change and/or scarring) in the gallbladder wall and to determine the surgical strategy (i.e. establish critical view of safety and proceed with conventional LC, subtotal cholecystectomy, open conversion, etc). In the present study, the correlation of items in the 'Factors related to inflammation of the gallbladder' category and surgical difficulty were graded according to the level of inflammation in the gallbladder wall. The exposure of the SS-Inner layer as a standardized technique would enable surgeons to safely and accurately evaluate difficulty at the time of operation.
Our consensus has the potential of becoming the foundation of a novel and universal grading system of surgical difficulty during LC. It will lead to initiation of new multicenter clinical trials that were lacking in the past owing to the absence of a gold standard frame of reference. This study will thus have far-reaching impacts in solving important clinical questions. Studies that require surgical difficulty during LC as a primary endpoint include optimal timing for LC in acute cholecystitis, indications of percutaneous transhepatic gallbladder drainage, correlation between preoperative radiological findings/laboratory data and surgical difficulty, etc. Of note, there is a pressing need to establish guidelines to avoid serious complications such as vasculobiliary injury. A well-organized treatment algorithm for acute cholecystitis that takes into consideration the degree of inflammation, general condition of the patient, and surgical difficulty is long awaited.
In conclusion, we successfully reached a consensus among expert LC surgeons on the surgical difficulty during LC based on 25 intraoperative findings using the Delphi technique. The weight of each finding should form the basis of a novel and universal grading system of surgical difficulty, which in turn would become the gold standard for various types of multicenter studies related with LC.
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